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PROBLEM TO BE SOLVED: To obtain an ultrafine polypropylene fiber for nonwoven fabric, produced by 
melt-spinning method and having a fineness of <0.5 de. 

SOLUTION: This ultrafine polypropylene fiber is produced by adding 0.001-5 pts.wt. of a nucleation agent to 
form a &beta -crystal, to 100 pts.wt. of a homopolypropylene or an ethylene-propylene copolymer containing 
<=4 wt.% of ethylene unit and having a melt flow rate of 20-1 ,500 g/10 min. melt-spinning the obtained 
polypropylene resin composition under slow-cooling and highly drawing the produced undrawn yarn. A 
nonwoven fabric produced by using the ultrafine polypropylene fiber has improved liquid-retention as a batteiy 
separator and improved dust-collecting and filtering performance as a filter. 
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(57) [Abstract] 

[Problenj QfiFerofultrafine polypropylene fiber for noowove 
n Mdc under fineoess 0.S dmo* due to n£lt spinnii^ nxtho^ 

[Means of Solution] Honppolypropylene or eth^ene content 
\;^tere melt flow rate is 20 to 1500g^lOninpolyprq))4ene 
resin conposition whichthe 0.00 1 to 5 parts by wei^ adds 
nucleating agent wiridi fonns crystal vis-a-vis etl^ene - 
prop>dene copolymer 100 parts by wei^ ofthe 4 wt% or less 
after melt spinniiig, altitude drawing unstretched fiber whidns 
acquired, under gradual cooling, it is a ultrafine polypropylene 
fiber which becomes, as for thenonwoven fabric whidi uses this 
ultrafine polyprop>dene fiber, with battery sepaxdtor 
plication liquid retention c^)acity inproves, withlhe filter 
plication dist collection aid filtration capad^ improve. 

[aaim(s)] 

[Qaiml] Honijpolypropylene or ethjdeniB content 
t flowrate is 20 to 1500 g^lO minpolyprpp>ienB rean 
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[000 1] 



conposition wWchthe 0.00 1 to 5 parts by weigjit adds 
nucleatiiig agent wliich forms crystal vis-a-vis etl^ene - 
propjdene copolymer 100 parts by wei^ oflhe 4 wt% or less 
after msltspiimiiig, drawing unsdretchsd fiber ^niiic^isacquired 
under gradual cooliig,dtrafinepolyprp[^w fiber v/bich 
becones. 

[QaimZ] Drawing unstretched fiber vAere crystal content i 
s 15 % or higiher, ultrafine polypropjdene fiber which itstates in 
Qaim 1 which becon^s. 

[Qaim S] Ultrafine polypropjdeiK fiber which is stated in Qai 
mloraaim2 wtere fineness is undo: theO.5 denier. 

[aaini4] Nonwovenfebric wlrich consists of ultrafine polypr 
q))4ene fiber viudi is stated in Qaim 1 to 3. 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention reg^ds, high 
drawing dtraGne polyprop)4ene fiber e^mally batteiy 
separator, reg9rds the nndc and ultrafine polyprppjdaie fiber 
for various filter or other nonwoven fabric. 



[0002] 

*tf. 7Ku:^pfcfL/>«ji0«anb(*ltLL^<D*<igtt-e 
liTHy :/ptfu><Dfiiffl«lt<D^a*tt^*Rrfi|T-&4 



[0002] 

[Prior Art] Gensrally, necessary fimction which is sougjit as non 
woven fabric for the filter is that dust collectii^ property is 
fai^ necessary fiinctionv^chissoi^ asnonwovaiMnic for 
battery separator is that liquid retention capacity is hi^ In 
order to raise these fimctions^ it isnecessary to nske fiber 
diancten^chfi}rnB nonwoven &hric thin and to designate 
nonwoven febric construction as dense. But, when 
polyprq>yieDe resin is designated as starting material, with 
conventional nnelt spinning ncthodfironthe linit of d:awratio, 
only fiber of fineness of 0.7 denier extent it isacqdred, as for 
nnki^g ultrafine of polyprop)4ene fiber &ct that it is difiScdtis 
present state. In addition, if it is a nelt blowing netbod not to 
be a melt ginning method, nonwoven fiihric of theextremely 
thin fiber of polypropylene is production possible, but with this 
technique, the nrnu^cturingcost ishi^ it has possessed 
problemthat at same time thsstiength of this said nonwoven 
&bricislow. 



[0003] 



[0003] 



0^mmmm^^ u ^ p e u ^s^-r ^> c t fe 

So 



[Problems to be Solved by the Invention] Objective of this inve 
ntion is to offer ultrafine polyprop)4ene fiber for nonwoven 
fiihric iinder thefineness 0.5 denier firomabove-mentioned 
viewpoint, with melt ^iimipg method . 
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[0004] 

[Means to Solve the Problems] As for these inventors, in order 
that above-mentioned problemis achieved,as fir result of doing 
diligpnt reseaidi , feet that polypropylene fiber of thefinei^ 
under 0.5 denier is acquired composition which adds crystal 
nucleating agent tothe polyprop>4ene vMdi had specific 
fluidity after melt spinning bydrawingunder gradual cooling 
was discovered, this invention was coiipleted namely, this 
invention honxjpolypropyleae or ett^ene content where melt 
flowrate is 20 to 1500 g^lO min thepolyprop)dene resin 
conposition vAich 0.00 1 to 5 parts by wei^ adds nucleating 
agpnt which forms crystal vis-a-visthe ethylene - prq)>4ene 
copolymer 1 00 parts by wdght of 4 wt% or less after melt 
q}inning, drawing unstretchedfiben^di is acquired under 
gradual cooliiig, is ultrafine polyprpp>dene fiber which becomes. 

[0005] 

[EnlxxlimQit of Invention] 1. polyprq>)4eQe 

As for polyprop>dene in this invention, melt flow rate (Below , 
MFR you call) honx)polyprop>dene or ethjdene cxxAgO. ofthe 
20 to 1500 g^lO nin and preferably 30 to 500 g^lO min is 
ethylene -prop>ienecopol>Tnerof4wt% or less. WhenMFR 
of polyprop)4ene is under 20 g^lO nin, draw ratio does notrise 
and in stretching process after melt ^inningultiafiiie 
polypropylene fiber is not acquired In addition, when MFR 
exceeds 1500 g^lO min, fluidity being toohi^ thing itself 
whic^ does melt ^inniiig it becomes difficult. Incaseof 
etltylene - propylene copolymer, etl^ene content is 4 wt% or 
less and preferably 2.5 wt% or less. When etl^ene content 
exceeds 4 wt%, fixmifect that aiystallization tenperature of 
theetbydene - propylene copolymer becomes low, melt adhesion 
of polypropylene fiber h^pens and it becomesdiflScult to do 
melt firming. Furthermore, as for molecular weigjbt 
distribution (MMin) due to CPC method of polyprop>iene, it 
isdesirabletobea2to6. Ifit is inside this rangp, hindrance 
comes to inelt spinning and drawdi^gand is not. AVhen 
molecular wei^ distribution exceeds 6, there is a possibility 
stretching propertybeing inpaired with influence of hi^ 
molecular wei^ conponent, is not desirable. 

[0006] 2. crystal nucleating agait 

R^^rding to this invention, as nucleating agent which forms 
crystal >A4iichituses, is acquired by melt spinning , ifit is a 
crystal nucleatingagent which promotes the crystal 
conversion of crystal systemof polyprqiylene unstretched 
fiber which, it is good any Idndof ones^ but especially, you can 
list - quinacridone , two components fpmingqucleating 
agent or anide type conpound etc. 
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R2- NHCO-R1-CONH-R3 (1) 

[it*. Rii*Bi«ai-2 4a)te»SL<ii^ffiW(DBi 

ta«]<D8iS8«ii^*^U'+^>Bsiaxiiiat«si[6-2 80)^ 
ssv*;u7K>»a4i*a-ro r2. R3i*H-xiiSft 
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[<bi] 
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[00 10] 
[ft 2] 
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[0007] Two conponents foming nucleating agent, being a 

oystal nucleating agent ^ch is fonned by nixing the 
conponentAandconnponentB,itisstatedin Japan 
Uiexanined Patent Piilication Showa 61 - 28 1 10 5 disclosure, 
namely, conponent A is organic dibasic acid , for exanple 
pinKlicacid, azelaic acid , o - phthalic acid and ta'q)hthalic 
acid and isbphthalic acidetc, conpoi^ B oxide ofOroipII 
netal, for exanple nagnesium, caldum, strontiunHnd 
bariiffn is Itydroxide or add salt, add salt of conponent B is 
inorganic acid or organic add, for exanple carbon dioxide and 
stearic acid or other salt. In addition, conponent B nay be 
one of additive \^ch alreac^^sts in prop)4eiie conqpositioa 

[0008] As anide type conpound, it is a anide type conpound 
wMch is stated in JqjanlJbexanined Patent Pid)licationHei 8- 
144122 disclosure. You can list anide type conpound of one 
kind or 2 kinds or ncre >\iiich are displayedwitfa nanfily, 
Gaieral Fomula (1) or (2). 

R2-NHCO-R1-OONH-R3 (1) 

(In Fonrda, Rl aliphatic carbo3Q4ic acid residue of carbon nu 
nber 1 to 24 saturated or unsaturated, displays cycloaliphatic 
dicaiboxjdic add residue oflhe saturated or unsaturated of 
carbon nunlier 4 to 28 or aroaiBtic dicaibaxjdic add residue of 
carbonnun*er6to28. R2 and R3diq)laygroip\^chis 
shown with thealike or different, carbonnunixr3 to 18 
cycloalkyi group , carbon mnrber 3 to 12 cycloalfcen>4 group , 
General Fomula a. General Fomula b, General Fotinulac or 
theGeneral Fomula d ] 

[0009] 

[Chemical Fomula 1] 

(In Formda, R4alkyl group of carbon nuncber 1 to 12strai£^ 
chain or branched chain or alkanQd group ofthecaib(mnunl)er 
2tol2strai^orbranched,di^lays C2ffb(mnuni)er6tol0 
cyanoalkyl groip or pha^ groip. ] 

[0010] 

[CheaicalFomiila2] 



(In Fomula, as for R5R4 in General Fomula a and it issynony 
mous. ] 
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RS-CONH-Rfi^NHCO-RlC (2) 

[S*. R8tt-jfia (1) l::j3lt«)Rii:. R8|*-*aa 
(1) iCfcMtS R2t. RlOtt-<SS (1) (zfclt5R3 

N. N' -i;i/^^PA.+i/;u-2. 6 — f 
u>v*;U7H*v7 5 h\ N. N' -vv^7a^+ 
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[0011] 

[Oienical Fonnila 3] 

(In Fomula, R6di^la>^allQ4aiegroi9)ofca]tQnnuni)er 1 to 
4 strainer branched ] 

[0012] 

[Oienical Foraiila 4] 



(In Fomula, asfor R7R6 in General Fonndac and it issynoiQr 
novs. ] 

[0013] 

R9-CONH-R8-NHCO-R10 (2) 

(In Fonmla, asfor RSasforRland R9intheGeneralFonnila 
(1) as for R2 and RlO in Goieral Fpmida (1) R3 in theGeneral 
Fomula (1) it is ^nyniDus lespectivBly. ] 

Cbncretely, N^-di cycldt^xyl - 2,6 - naphthalene dicarbojQ^ 
anide , NJ^-di cyclohe^ terephthalanide , NJ^T-di phenyl 
hexane di anide , NJ^^ c>€lohBxane caibonyi -p - 
pheri>4enedianine and N^-<ii benzoyl - 1,4-di anino 
cyclohexane etc are listed, are sold as these crystal 
nucleating agpnt,asNJStar (tradenane) fiom New Japan 
Oienical Cb. Ltd (DB 6W)57-6236). 

[0014] Regarding to tMs invention, conpoiinded ani>un^ 
crystal nucleating agent is 0.001 to 5 parts by wei^ and the 
preferably 0.005 to 1 part by wei^ vis-a-vis polyprq)>4eQe 
100 parts by weigjit. IMer 0.00 1 part by wei^, crystal is 
difficult to form in unstretched fiber, on onehand, exceeding 5 
parts by wei^, containing, siperiority of effect is 
notrecognized, causes yam break etc conversely at time of 
yam-binning. It is possible to conbine this said nucleating 
a^nt, at time of polypropjdene ccHipositionprq)aration and, 
theto master batch converting, polypropylene conpositi(m 
and dry blend it is possible to do. 

[0015] 3. otter additive 

Modifier for polyolefin of as needed prior public knovdedge can 
bejoiiitlyiisediiitheultrafii]epolyprq}ylene fiber of this 
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invention according to use objective. It is a forexanple 
antioxidant , a ultraviolet absorber , a photostabilizer , a 
antistatic agent , a surfactant, a neutralizing agent, a 
di^)ersant , a epo;Qr stabilizer , a plastidzer , a lubricant , a 
antibiotic, a fireretardant ,a filler, a blowing agent, a 
foaningaid,a crosslinkingagent,a aosslinking auxiliary 
agent anda pignsntetc. As antioxidant, you can list phenol 
type antioxidant , pho^horus type antioxidant , sulfur type 
antioxidant and the aninet>pe antioxidant andvitaninetc. 
metal soap , hydrotalcite (DANA 16b.6.2.1) and lithium 
aluminum conpound Itydroxide salt , you can list the silicate , 
metal oxide ai^ metal hydroxide etc as neutralizipg agent 
\\iiich confines the dispersant. 

[(X)16] Manufecturing method of 4. ultrafine polypropjdene fib 
er 

(1) Production of polypropylene unstretched fiber 

Formation of polypropylene undrawn fiber generally is done by 
melt extrusion moldii^g . By for example polyprop)4ene 
undrawn polypropylene yam is acquired melt spinning doing 
throu^^iraieret. stretching property of unstretdied fiber 
which is acquired with melt extrusion molding making use ofthe 

crystal nucleating agent containing polyprq>>4ene 
composition of this invention, this way in order to improve, to 

crystalconvertingfiom crystal systemof polyprqjylene 
unstretched fiber has necessity. This is because oystal of 
polyprop>dene it is a crystal systemwhich is easy todeteriorate 
with external force . Therefore, as for crystal systemof 
polypropylene unstretched fiber it is desirable for crystal 
contentto be 15 % or higher and preferably 30 % or hi^jcr. 
When crystal content of crystal systemof polypropylene 
unstretdied fiber is under 15%^ crystalit cannot utilize . 
featurewhidiiseasytodeterioratewiththeextemal force 
cannot see inpx>vement of drawratio fir most part, isnot 
desirable. 

[0017] Gradual cooliiig fibo* which yam-spinning is done it is ne 
cessary at thetimeofmelt ginning under existing of oystal 
nucleating agent as method whichpromotes crystal 
conversion of crystal of polypropylene unstretdied fiber, to do. 
Reg^rdingto tHs invention, graihjal cooling at time of meh 
spinning, it meansthe fact that atmo^heric tenperature ^di 
100 to 150 cmleaves firom ^inneiet is fceptin 30 *^ or 
hitler. When fiber v^ch yam-spinning is done, quench is 
made under the30^C, thissaid crystal nucleating agent as 
action of opposite readies point ^4iere itworks as nucleating 
agentof crystal, crystal stops being formed in the 
unstretched fiber. As a result, improvement of drawratio stops 
being seen with stretching prooe^afler. Inadditicxiy&ctthat 
etc fiirtherniore heatir^ and temperature naintenanoe it does 
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[0 0 2 0] 5. ailB7Ky:^PtfU>«ttj3cfci;*(D^ 

*«M0ffi«7Ky^Ptfu><iJlii. ±IB7Ky :^Ptfu 
y:^peu>«ji<D<tgii. 0. 5 7^^-;u5fe>scoa$ffl 

X 7 - 7 - 5 > ^ j£ ^ f :: J: o T ;H U :^ P tf U > ^ fin ^1 
^PlfU>SJi«tt;{i^b0^m^ili. 0. 6t=--)1^ 

f}<iPi±tho 0. 5x:i-;i/^liifc/-Hy :^peu>» 



[002 1] 



^iimeret directly belowas technique of formatiQn pronDtim of 

crystal of polyprop>dene unstretched fiber, orincreases 
coolipg air taxperature is effective method 

[0018] (2) Drawipg operation 

extremely thin fiber is produced by drawipg polypropylene unst 
retched fiber \^4lich is acquired atdescription above. To do with 
nultistageof single stage or 2 stages or more it is possible the 
drawing operatioa As for drawing tenqperature, melting point 
or lower of crystal of polyprop>dene is desirable, inrai^ of 
70 to 140 °Q does oven, hotplate and &r infixed 
irradiation etc as thdieat source. In addition, draw ratio can 
acquire ultrafine polyprop>dene fiber under 0.5 daiier >\liich 
ismade objective by noking 8 to 1 6-fold and preferably 8 to 
ntimes. 

[0019] (3) TberaHl processing 

Ultrafine polypropylene fiber \^hidi it acquires in this way, adni 
nisters accorctngtoneed and the heat treatment. Inside range 
of 80 to 170 °C and preferably 100 to 165 ^'C, 0.5 to 3 0 
nin and preferably 1 to 2 0 nin itdoes this heat treatment 
generally, thernfil contraction of ultrafine polypropylene fiber 
can be oontroled with this heat treatment . 

[0020] 5. ultrafine polypropylene fiber and its nonwoven fabric 

Because ultrafine polypropylene fiber of this invention is produ 
ced with above-nEntionedmethod making use of above- 
mentioned polypropylene conposition, firmness of 
polypropylene fiberbecomes extremely thm fiber under 0.5 
denier, usiiig polypropylene extremely thin fiber which is 
acquired, it forms polypropylene nonwoven febric withthe wet 
process, sintering method, needle punch method, carding 
method, crosslayer method , random web method andthe air 
forming method etc. Furthermore, according to plication 
hot-melt adhesion forning noriwoven fabric withthe hot roll, 
etc battery separator or filter it can form Because nonwoven 
febric fi-ompolypropylene extremely thin fiber wiiich is 
acquired with this invention hasthe fineness under 0.5 denier, 
with battery sq)arator application liquid retention cq)acity 
improves, with the filter plication dust collection £md 
filtration c^>acity improve. As for nonwoven febricfirom 
polypropylene fiber wiiich exceeds 0.5 denier, with the battery 
separator application with decrease and filter E^lication of 
liquid retention capacity deaease or other problemoflhe dust 
collection and filtration capsdty occurs and is not desirable. 

[0021] 

[Working Exanple(s)] Below, this invention is e3q}lained in det 
ail with Workii^Ex^le. testmethodin Worldr^Exanple 
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(DMFRrJIS K 7 2 1 0 (C J: y 2. 1 
6 kg, 2 3 0^(CTaiSLfco 

(2) »*a»*: GPCiZXm^LtZo 

(3) iSa^a^*$: ;K«;::^aeu>*S#^t$t»ttfwA 

X«|IsI»f»«*ffllV tt*4 5 k V X 2 5 0mA. JfflS 
I5a2e:5-'30deg. S22g4 d e g/^O)* 

fc[A. Turner Jone8b«Macronn6 
I. Chem. »75. 134 (1964) #Bg] • 

K = H (jS) / [H (iS) +H (a1). + H (Qf2) + 
H (a3) ] X 1 00 (%) o 

tztzL. H (P) : PSi (3 0 0) ffi<DlBltfr3*g 



H (orl) : aS (1 1 0) SCDillfr^JS 
H (a2) : erg (0 4 0) 9(D@9r!IS . 
H (a3) : (1 3 0) a<D[5]$r3$S. 
(4) aiSg#f&*<DHffl: g#l8(::te.l^T. 2 0» 



[0 0 2 2] igtemi 

MFRA«3 0g/1 0», »*fi»fli (Mw/Mn) 

4(07h^7Ky:^peu> (HPP) looaggprc. a 

ittl3±MtLX\ r. 1010itt;ir. 168 (5^/< 
*r-f:^=-«) *«-^0. OSaSW, *?P*Ji:LT*;U 
vr^AXf-TU-h^O. OSSSS?, RXSP^B'&^m 
X5lvx;^$- (|lrQ*31<b S) iO. 0 5fig. 

Omm0<DffaiiS?^«lCT2 3 0*^, 75rpm(0X^7 



[0 0 2 3] llbHfcTHy :^Deu>^U'y h^^T* 
>:>'f*f7;U^7-f (i'^'YX : 0. 3nn 

m«x3 0?^) Sffll^T, qtajSO. 2 2g/»/?t:, 

ite*;ag2 5 0"c. «5i2g5 0 0m/^^. $))*yX;i. 

;!j^b1 OOcmSStvfcSHaSg OyT^^aSgt 1^0 
o ) 4 0^T*5SiBU**L, j^l4T--;KD*S#*Sfl 
*Sft*«l3^**l4i8a<;)9J^I*9 0%T*feofc 

p *t^T?. :7-r-Kxe-K3 0m/JJ^, 7-r-KP- 



is as follows. 

(1) lVIFR:ItirBasiired\vithload2J6kg duetoJIS 
K7210. 

(2) Molecular distribution : It lieasured with GPC . 

(3) crystal content : Output 45 kV X 250 mA , it measured 
with condition of nsasurenient range 2 :5to30deg and the 
scan rate 4 deg per ninute pol>propyiene unstretched fiber 
ttose wttch cutting are nHde powdCT nmking use oflhe lid 
Science Co. nuke wide an^e x-ray difl&action equipment, 
sou^ crystal crystal content Kfix)mforniila below [A 
Turner Jones and others aiid NtoonmlecdarChaiisfary and 
Ptysics (1022-1352. MCHPES) ,75,134(1964) reference]. 

K=H( )/[H( )+H( 1)+H( 2)+H( 3)]X100(%). 

HDwever,H( ) : Diffraction intensity of crystal (300) asp 
ect 

H( 1): Diffraction intensity of crystal (110) plane 
H( 2): Diffraction intensity of crystal (040) &ce 
H( 3): Diffraction intensity of crystal (130) a^)ect 

(4) V^}praisal : of nminiim draw ratio Iri stretdung process^ it 
made draw ratio of i^>per linit winch yani break due tothe 2 0- 
rrirnite drawirig does not occur. 

[0022]WQddr«Examplel 

MFR 30 ^10 min and molecular wd^ distribution (Mw/Mn) 
calciumstearate 0.05 parts by wei^ added 0.05 parts by wdgjit , 
the and crystal niKleatingagpntNIStar (New Jzqm 
Qenical Cb. Ltd (DB 69-057-6236) make) to 
tomopolypropylene (HPP) 100 parts by weight of 4, each 0.05 
parts by weigiit,withtheL:.1010 andIr.l68(Qba-(jeigy 
make) as neutralizii^ agent as antioxidant, iafier 
blendingmakinguseof sipemixer, with extrusion molding 
machine of50nindiameter melt mbdr^didwith screw 
rotations of 230 ''C and 75 rpn^ acquired polyprppjdene of 
the pellet 

[0023] Polypropylene pellet which it acquires extrusion amoun 
1 022 ^minute/ hole, meU spinnii^ was done witfathe 
atmo^heric temperature (You call cooling temperature below . 
) 40 °C which 100 cmleaves from ginning temperature 250 
°C, windupq)eed500nyminand q)iiineretmaldnguseof 
gpar pump equipped nultifilament firming machine ( die :0.3 
nrndiameter X 30 hole), unstretched fiber. o%proxinHtely 4 
denier was acquired Ratioof crystal which is included in 
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[0024] mi&mz 

MFR36<1 0 0 g/1 »^-S»*A<3. 6a)?ht 

2 0°C, ©BX»2g5 OOm/^j^. /l^iOag 4 O^C-CiS 
S#iaO!)t-^r-;flg1 3 0"^, KP-P-;uag1 1 

. 1 ifSS#i::T«go. 3 9T--;K0««$#fco 



[OO2 5lSt&04 3 

MFR/)<2 0 0 g/1 O^J', ^J-^-l^^ft^b^S. 3(0;^^ 

u-v htt(D7Ky^peu>*tifco f#5)nfc?Ky^pe 
oo*t. «w»ag5oom/». }*ipag4o"c-e» 

rc^*tlSi8B^(Dtimtt8 7%X*&ofcc> ^Rl^-C. 
-KXbf-K3 0m/». ■7-<-KP-JU;flg9 0'C. 
S#^C0t-^'-ag1 3 0°C. KP-P-JUSg1 1 

. 1 3fSB#(CTttgO. 3 2T--JUa)«Jt$«fco 



[0026] 

MFR;!)<1 OOg/1 0». »^-ai^«/)<3. 9. 
U>'tfiA<0. 5SS%<Dx^U>-':^Peu>*a^ 
(RPP) vxX$-San§$0. Ifi 

r, ttttSO. 2 2g/if/5t. ite*;ag1 9 0^. 
a»2g5 0 0m/». H^aag4 0^T*i8iijH&*L, 



unstretched fiber was 90%. Next, heater tenqpaature 130 
of feed^DeedSOnyiiin, feed roll tenperature 90 ''C and 
drawpoint, drawing wasdone under condition of drawroU 
tenpmturellOT. naximimdraw ratio with 9 tinss, 
acquired fiber of fineness 0.47 denier with tfaeS. S tines drawipg . 

[0024]WoildpgExanpie2 

MFRother than 100 g^lOnin and niolecularwei^distributio 
nuse hon]Dpolyprop>dene of the3.6, polyprop>dene of pellet 
was acquired to Working Exanple 1 similar. polyprop>4ene 
pellet which is acquired extrusion amount 0.22 g^ninute / hole, 
q)inning temperature 220 °C andthe winding taking velocity 
SOOnynin, melt ginning was done with cooling tenperature 
40 making useof miltifilament ginning machine is 
similar to Woridi^g Exanple 1, unstretched fiba of 
^)proximately4 denier was acquired Ratio of crystal which 
is included in unstretched fiber was 88 %. Next, heater 
tenperature 130 °C of feedq)eed30m^nin, feedroll 
temperature 90 °C and draw point, drawing wasdone under 
condition of drawroU tenperature 110 X. maxinumdraw 
ratio with 1 2 times, acquired fiber of fineness 0.39 denier with 
thel 1 times drawing. 

[0025] Working Exanple 3 

MFR other than 200 g^lO nin and molecular wei^ distributio 
nuse homopolypropylene of the3.3, polypropylene of pellet 
was acquired to Wcridi^ Exanple 1 similar. polypiO[^ene 
pellet ^^ch is acquired extrusion amount 022 g^minute / hole, 
ginning tenperature 200 °C andthe winding taking velocity 
500 nVnin, melt ginning was dc»ie with cooling temperature 
40 ''C making useof mdtifilament spinning machine virich is 
similar to Working Exanple 1, unstretched fiber of 
q)proximately4 denier was acquired. Ratio of crystal winch 
is included in unstretched fiber was 87 %. Next, heater 
tenperature 130 "^C of feed speed 30 n^min, feedroll 
tenperature 90 °C and drawpoint, drawing wasdoneunder 
condition of draw roll tenperature 1 10 °C. maxinumdraw 
ratio with 1 4-fold, acquired fiber of fineness 0.32 denier with 
thel 3 times drawii^. 

[0026] Working Exanple 4 

MFRlOOg^lOnin and molecular wei^ distribution 3.9 and e 
tl^dene content other thandesignating NJStar addition quantity 
as 0. i parts by wei^ iraking use of ethylene - prop>^ene 
copolymer (RPP) of theO.5 wei^ %» acquired polypropjdene 
of pellet to similar to Working Exanple 1 . polyprop>4ene 
pellet which is acquired extrusion amount 0.22 g^ninute / hole, 
ginning tenperature 190 °C andthe winding takiiig velocity 
500 nynin, melt ginning was done with cooling tenperature 
40 X tiskii^ useof nidtifilainQit spinnii^ machine which is 
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[0027] 3ei6«|5 

u>s#fco ^^tifcTKUT^ptruv^u-y ^^seifiw 

0. 22g/»/?^. S6*;agi 90**C. «ffl»2g5 
0 0m/». ;$aSg4 0*t-eSlttte*L. «4-r-- 

SJ^I*5 0%-C&ofc:o *l^T*. :7-r-Kxe-K30 
m/», :?-r-KP-/usg9 0*t. E#fii<Dt-i'- 
Slgi 1 o°c. Kp-p--;u;Sgi 1 Ccco^nTX^m 



[002 8] S j£{^4 6 

MFR/)<1 OOg/1 0». iJ^^S»*/)<3. 6. 

u>^g/)<2SS%cDx^L/>-:^oeu>*B^«;$ 

x^^vxJ^^^-^jDt^O. 1«SgPi:LfciUn 

*i#fcoiibnfc?K»j^peu>^u-v h*siis«i t 

2 2 g/^^/?^. Sfi^iSgl 9 0^, «l»»3Sg5 0 0 
m/«^. .^a;flg4 0'C-C»Bl3Ke*L. a4TX-;KD 

isasw-e&ofco *L^'e. 7-r-K:^tf-K3 om/ 
7-f-KP-;U;flg9 0*t. S#jS<Dt-*-;flg 
1 1 o^c. KP-p-;uiagi 1 o°ca)SttTr*S<*$ 

ffofco «iSS»fS$l*9l&X*. 8. 5igg#|CT«g 
0. 4 7TX-JK3Dtttt*»fco 



[002 9] Si&^7 

Sffll^T, ttffifiO. 2 2g/»/5t, tt*ag2 2 0 . 



siirilar to Working Exanple 1, unstretched fiber of 
q>proxumtely4 denier was acquirecL Ratio of crystal A^ch 
is included in this unstretched fiber was 65%. Next,heater 
tenperature 120 °C of feed q)eed 30 nyiiin, feed roll 
tenperature90°C and draw point, drawing wasdone under 
condition of draw roll tenperature 1 10 °C maximimdraw 
ratio with 1 0 tinES> acquired fiber of fineness 0.44 denier with 
the9. S tines drawipg . 

[0027] Working Exanple 5 

MFR 100 g^lO nin and molecular wei^ distribution 3.8 and e 
th)4ei£ content other thandesignating NJStar addition quantity 
as 0.1 parts by wei^naking use of ethylene -propjdene 
copolymer of thel .5 weigfit %, acquired polypropylene of 
pellet to similar to Woridng Exanple 1. polyjiopyiene 
pellet which is acquired extrusion amount 022 g^ninute / hole, 
spinning tenperature 190 ""C andthe winding taking velocity 
500 nymin , melt ginning was done with cooling trapaature 
40 °C nuking useof rndtifilainent ginning machine wWch is 
siiiilar to Working Exanple 1, unstretched fiber of 
q)proximately4 denier was acquired. Ratio of crystal wiucfa 
is included in this unstretched fiber was 50%, Next,heater 
tenperature] 10 °C of feed speed 30 n^min, feedroU 
tenperatiie90°C and drawpoint, drawing wasdoi« under 
conditionof draw roll tenperature 110 °C maxinumdraw 
ratio with 9. 5 times, acquired fiber of fineness 0.45 denier with 
the 9 times drawing. 

[0028] Working Example 6 

MFRlOOg^lOnin and molecular wei^ distribution 3.6 and e 
thjdene content other thaixlesignating NJStar addition quantity 
as 0.1 partsbywei^ making use of ethylene - propylene 
copolyma: of the2 wt%, acquired polypropylene of pellet to 
similar to Working Exanple 1 . polypropylene pellet whidi is 
acquired ectrusion amount 0.22 g^ninute / hole, spinning 
tenperature 190 °C andthe winding taking velocity 500 
nx'min, melt q)innir^ was done with cooling tenperature 40 
°C making useof nultifilament ginning madrine which is 
sinilar to Working Exanple 1, unstretched fiber of 
^roximately4 denier was acquired. Ratio of crystal whidi 
is included in this unstretched fiber was 35%. Next, heater 
tenperature 110 °C of feed speed 30 m^nin, feed roll 
tenperature 90 and draw point, drawing wasdoneunder 
condition of draw roll tenperature 1 10 °C maxinumdraw 
ratio with 9 times, acquired fiber of fineness 0.47 denier with 
theS. 5 times drawing. 

[0029] Workii^Exanple 7 

Making use of pellet homopolypropydene which is manu&cture 
d with Working Exanple 2, this tte extrusion amount 0.22 
g^ninute/hole, ginning tenperature 220^ and winding 
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|C^*^^S)3B^a<?!)SJ^tt3 0%T•fcofco ^OT?, 7^ 
-Kxe-K3 0m/«^. 7-<-"KP-;U;ag9 0"C. 

. 9. 5fgS#(:^X«gO. 4 4T-->KDtt^t*^#fc 



[003p]Jt&fiJ1 

PtfL/>1 OOSSasic. K<bR&±»Ji:LT I r. 10 
1 ORt;i r. 1 68 .$&/7 0. 0 

Lfc». 5 0mm«a)Wa4Jafl^«f::-C2 3 0"C. 75 r 
pm0:5^^'Ja-l51|Bai??Sitt;l»L. ^U-^htt<D7K 

[00 3 1] ^Ptf uv^u-y hi^mm 

0. 22g/»/?5. I6*5ag250°c. #»IX^g5 
0 0 m/*}. .^aJiag4 0°C-Cj§it$&i^tL. $54f=-'- 

fj^tto^-efcofco *t^t?. :7-<-Kxe-K3 Om 
:;-r-KP-;u;ag9 0*^0. a#^0t-$r-ifl 
gi 3 0°c; KP-p-vu;Sgi 1 0**c<D^feftT-eSft 



[0 0 3 2] a,m»2 

MFRAM OOg/1 0». »*g»*A<3. 6(0*^ 

7K'j:^peu>sffli>fciunj4. ^nm^ tmmizLx 
httc07H';:^peu>$flto ^btifc^H'; ::^p 

iSfi*t3l$fflt^"C. ttaslo. 2 2 g/^J'/?^:. J6*Sg 

2 2 0°C. #»ISjig5 0 0m/5i^v J^aSg4 0°CT* 

#**lC^*ttSi9a(D|lJ^I*0%T*&ofco «1>T% 
7-f-Kxe-K3 0m/5}. :7-r-KP-;i^;fig9 0 

s#jaa)t-4»-iagi 3 0^. Kp-p-;usg 

1 1 o"ca)^fe^4TT*s^*$ffofco fi^s^fs^f^e. 

5fS*TvL*^iil3l^r. 6fgS»f::Taigo. 7x-- 



taking velocity 500 wlnin , melt spinning was dcaiewith 
cooling tenperature 30 ""C nBldng use of nultifilament 
spinnirg oBdiine which is sinilar to Working Exanple l,the 
unstretched fiber ofapproxinxitely 4 denier was acquit^ Ratio 
of crystal wiiich is incliKled in this unstretched fiber was 30 
%. Next, heater tenperature 120 °C of feed speed 30 nVnoin, 
feed roll tenperature 90 °C and draw point, drawing wasdone 
iinder condition of drawroll tenperature 110 ^'C naxiniini 
draw ratio with 10 tines, acquired fiber of fineness 0.44 denier 
wifli the9. 5 times drawing . 

[0030] Conparative Exanple 1 

MFRSOg/'lOnin and molecular wei^ distribution in homcpo 
lyprop)4ene 100 parts by wei^ of 4, afiecfolending including 0. 
OS parts by wei^, maldnguse of supemixer, with extrusion 
molding machine of 50 mmdiameter melt nixing did calcium 
stearate with screwrotations of 230 °C andthe 75 rpmeach 0. 
05 parts by weight, withlr.lOlO andIr.l68(aba-Geigy 
make) as neutralizing agent asthe antioxidant, acquired 
polyprop)4ene of pellet. 

[003 1] Polyprop>4ene pellet which it acquires extrusion anooun 
1 0.22 g^ninute / hole, ginning tenperature 250 °C and 
windingtaking velocity 500 m^nin , melt spinning was done 
with cooling tenperature 40 °G making use of 
thenultifilament ginning machine wliich is sinilar to Woking 
Example 1, unstretched fiber of ^jproximately 4 denierwas 
acquired Ratio of crystal whidi is included in this 
unstretched fiber was 0 %. Next, heatCT tenperature 130 **C 
of feed speed 30 nVnin, feed roll temperature 90 °C and 
draw point, drav^ wasdone under ccnidition of drawroll 
tenperature] 10 °C maxinundrawratio could arrive to only 
6-fold, with 5. 5 times drawing could aoquireto only fiber of 
fineness 0.75 denier. 

[0032] Comparative Exanple 2 

MFR othsr tiian 100 g^lO min and molecular wei^ distributio 
n use homopolypropj^ene of the3.6, polypropylene of pellet 
was acquired to similar to Conparative Exanple 1 . 
polypropylene pellet vMdi is acquired extruaon amount 022 
g^ninute/hole, spinning temperature 220 °C andthe winding 
taking velocity 500 nynin , melt ginning was done witii 
cooling temperature 40 T making useof nultifilament 
qjinning machine which is sinilar to Working Exanple 1 , 
uistretchsd fiber ofapproximately4 denier was acquired Ratio 
of crystal vsinch is included in this unstretched fiber was 0 %. 
Next, heatCT tenperature 130 °C of feed speed 30 nynin, 
feed roll temperature 90 °C and drawpoint, drawing wasdone 
underconditionof drawroll tenperature 110 °C iraxiinim 
draw ratio could arrive to only 6. 5 times, witii 6-fold drawing 
could acquireto only fiber of finer^ss 0.7 denier. 
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[00 3 3] lt»1M3 

« 

MFR;(l<200g/1 »^-S»*;&<3. 3<D*^ 

2 0 0*^0. ^l»Btag5 OOm/^J^. ^^SPJ^g 4 0°Cr* 

#^tct3(c^*n'5i8a<Dfij^tto%-efcofco Ai^-e. 
t7-f-Kxe-K3 0m/«^. :7<-KP-JU;ag9 0 
"c. s^^cot-^'-sgi 3ot. Kp-p-;uag 

1 1 0"C(DS^ftTr*S#^tTofco fiia®#fS*ld:7f& 
*-CL;()^ii|Slir. 6. 5fSg#(c-C«g0. 6t-- 



[00 3 4] lt»«4 

fflgO. 2 2g/5J^/:A:. jSl3*;ag2 5 o*t. ^fxijiii 
g5 0 0m/», /^a;flg2 0*^CT*?§ittSfi*L, J!i4t 

K3 0m/^». 7-r-KP-;USg9 0°C, E#^a>t 

-$»-;agl 3 0*t. KP-P-;u^gi 1 o^(Dftft 



[0033] Conparative Exanple 3 

MFR other than 2(X)g^lOirin and molecular wei^distributio 
n use honr)polyprop>dene of the3.3, polypropylene of pellet 
was acquired to sinilar to Conparative Exanple 1. 
polyprop>deaB pellet \vhich is acquired extrusion amount 0.22 
g'ninute/hole, ginning tenperature 200 °C andflie winding 
taking velocity 500 nynin , melt ginning was done with 
cooling tenperature 40 °C makipg useof multifilament 
ginning machine which is similar to Working Exanple 1, 
urKtretckd fiber ofapproximately4 denier was acquired Ratio 
of crystal which is included in this unstretched fiber was 0%. 
Next, heater tenperature 130 *C of feed speed 30 nynin, 
feed roll temperature 90 °C and drawpoint, drawing wasdone 
under condition of drawroll temperature 1 10 °C maxinum 
draw ratio codd arrive to only 7 times, with 6. 5 times dravwiig 
could acquireto only fiber of finmess 0.6 denier. 

[0034] Conparative Exanple 4 

extrusion amount 022 g^ninute/ hole, ^innii^ tenperature 2 
50 °C and windingtakingvelocity500m^min,meh ginning 
it didwith cooling tenperature 20 °C polypropylene of pellet 
which is manufactured with theWorking Exanple l.makinguse 
of nultifilament spinnii^ machine which is similar to Working 
Example 1, acquiredthe unstretched fiber of ^5proxinaately 4 
denier. Ratio of crystal which is included in this unstretched 
fiber was 9.6%. Next, heater temperature 130 °C of feed 
speed30nymin, feed roll temperature 90 °C and drawpoint, 
drawing wasdone imder condition of draw roll tenperature 110 
**C naxinMndraw ratio coidd arrive to only 6. 5 times, with 
6-fold drawing could acquireto only fiber of fineness 0.69 denier. 



[00 3 5]lt««5 

lllgei|2X*iHSLfc^u»y htt<D7t^''j:^peu>$. IS 

aSSO. 2 2g/^»/?^. iltfi*ag2 2 0^. 
gSOOm/iJ', l^mSiS,2 0XX*^Bitl^L. $?l4x 

K3 0m/«^. :7-r-KP-^u;ag9 0^c. m^^ot 
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[0036] it^me 

Sglfi^3'eiasi[Lfc^u»> htt<7)7t^';:^peu>$. S 



[0035] Cbnparative Exanple 5 

extrusion amount 0.22 g^ninute / hole, q)inning temperature 2 
20 °C and wdndingtakingvelocitySOOm^nin, melt firming 
it didwith cooling tentpwature 20 ®G polyproR>dene of pdlet 
which is manufactured with theWorking Exanple 2, maldng use 
ofinjltifilament firming nachine which is similar to Working 
Exanple 1, acquiredthe unstretched fiber of qiproximately 4 
denier. Ratio of crystal winch is included in this unstretched 
fiber was 8.4%. Next, heater temperature 130 °C of feed 
speed30nymin, feed roll temperature 90 **C and drawpoint, 
drawing wasdone under condition of drawroll temperature 1 10 
°C mxiniimdrawratio could arrive to only 7. 5 times, with 
7timesdrawipg could acquireto only fiber of fineness 0.S7 
denier. 

[0036] Comparative Exanple 6 

extrusion amount 0.22 ^minute /hole, firming tenperature 2 
OO^'C and wdndingtakii^velodtySOOnti^min, melt spinning 



ISTA*s Paterra(tn^, Version 1 .5 (There may be errors in the above translation ISTA cannot 

be held liable for any detriment firomits use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.13 



JP 99140719A Machine Translation 
* -e L A> » s c i: *< -e 1 4 Ji^ o • 



[0037] lt«<H7 

ajgo. 22g/5j'/?t. $i]*iagi 9 o*t, 

g5 0 0m/». ,^aiag2 C^C-CjSiSlttifeL, 85 4 T 
ag9 0*lC. E#i!5<Dt-*-ag1 1 0*t. Kp-P 

-;u?agi 1 o*'c(Dft{*'F-es<**fiofco fiiae#ig 

7 5T--;K0«tt*"CLA^«*Ci:*<-Ctft*^o/i:o 



[0 0 3 8] sgt&^&i/ittt0((DiS$$r^«)r$irc 

o 

[0039] 



itdidwith cxx)lingtenperature20**Cpolyprop>4eiieofpell^ 
wiiich is iranufactured with theWorkiiig Exanple 3, making use 
ofnultifilanoit^iiinu^DSchineA^chissim Worldly 
Exanple l,acquiredtheunstretehedfiberof2?)^ 
denier. Ratio of crystal A\liich is inclucted in this unstretched 
fiber was 9.3 %. Next, heater temperature 130 X of feed 
q)eed30nymin, feed roll temperature 90^ and drawpoint, 
drawing wasdone undo: condition of drawrolltoiperature 110 
°C naxinumdrawratio could arrive to only 7. 8 times^ with 
7. 2 times drawing could acquiretp only fiber of fineness O.SS 
denier. 

[0037] Conparative Example 7 

extrusion ancunt 0.22 gi^ninute/ hole, ginning temperature 1 
PO'^C and windingtakingvelodtySOOttt'min, melt spinning 
it didwith cooling tenperature 20 °C polypropylene of pellet 
>^ch is manufactured with theWorldng Exanple S, making use 
ofnultifilament^nnmngrmchine^^c^issin^ Working 
Exanple 1, acquiredthe unstretched fiber of qjproximately 4 
denier. Ratio of crystal which is included in this unstretched 
fiber was 0%, the entirety was jp8 mosquito crystal 
systan Next, heater tenperature 110°C of feedspeedSO 
n^min, feed roll tenperature 90 °C and draw point, drawing 
wasdone linder conditio of drawroll tenp^ature 1 10 
maxinumdraw ratio could arrive to only 6-fold, with 5. 5 times 
drawing could acquireto only fiber of fineness 0.75 denier. 

[0038] Collecting result of Working Exanple and Conparative 
Exanple, it shows in Table 1 . 

[0039] 
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imr] [Table 1] 
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[Effects of the Invention] Ultrafine polyprqpjdene fiber of this 
invention nelt ginning designating conposition which adds the 

crystal nucleating agent to specific polypropylene as und^ 
gradual cooling, altitude drawiig theunstretched fiber >^iiere 
crystal content vMch is acquired is hi^ is polyprcqjjiene fiber 
which isacquired, fineness is ultrafine under 0.5 denier. 
Therefore, as for nonvwDven fehric vAichusesdtrafine 
polyprop>4ene fiber which is acquiredwith this invention, with 
battery separator plication liquid retoition cq>acity inproves, 
with filter plication thedust collection and filtration 
capacity inprove. 
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